Method of measuring the right coronary cusp deformity index (Left), right coronary cusp imbalance index, and the maximum diameter of the original defect (Right). Right coronary cusp deformity index was obtained by dividing the prolapsed part of the right coronary cusp (A) by the ring diameter of the aortic valve (B) at endsystole, and the right coronary cusp imbalance index was calculated as the width of the right coronary cusp (R) divided by the width of the left coronary cusp (L). The maximum diameter of the original defect (C) was measured with the assumption that the right coronary cusp did not cover the defect.
Circulation Journal Vol. 68, February 2004 cular rim between it and the free edge of the pulmonary valve and consequently being surrounded by muscle. Patients with more complicated lesions in association with an outlet VSD, such as tetralogy of Fallot, double outlet ventricle or transposition of the great arteries, were excluded. Those who had aortic valve anomalies, such as bicuspid aortic, valve or an obvious history of infective endocarditis were also excluded. Doppler echocardiography was performed with either a Toshiba SSH 65A, 160A, 270A HG, 380A (Toshiba, Tokyo, Japan), or an Aloka 870A (Aloka, Tokyo, Japan). The prolapsed aortic cusp was always the right coronary cusp (RCC) and prolapse was diagnosed when there was a distinct projection of any part of the RCC from the natural curve of the sinus of Valsalva. In the longaxis view of the aortic valve, we measured the length of the prolapse of the RCC into the VSD at end-systole. A RCC deformity index (RCCD) was obtained by dividing the prolapse length by the ring diameter of the aortic valve. On the short-axis view of the aortic valve, we measured the length between each commissure at end-diastole just before valve opening. The RCC imbalance index (R/L) 10 was calculated as the length between the commissure of the right and left coronary cusps and that of the right and non-coronary cusps divided by the length between the commissure of the right and left coronary cusps and that of the left and non-coronary cusps (Fig 1) . AR was graded according to the level to which the narrow jet reached: trivial, for just beneath the aortic valve; slight, when it was confined to the left ventricular outflow tract; moderate, when the jet reached the midportion of the left ventricle; severe, when it reached the left ventricular apex. Progressive AR was defined as increase by 2 grades. In 175 patients, we evaluated the original diameter of the defect, which was taken as the largest diameter measured on echocardiogram of the left ventricular long axis or the right ventricular outflow view, or at surgery, assuming the right or non-coronary cusp had not covered the defect.
Patients were divided into 5 groups according to the development of RCC prolapse (RCCP) and the values of RCCD and R/L. The cut-off point for the R/L was defined at 1.30 as reported previously, 10 and that for RCCD was tentatively defined as 0.30. Group I consisted of 103 patients who did not develop RCCP. and Groups II-V comprised 213 patients complicated by RCCP, where Group II Range Each group was subdivided as muscular outlet or subarterial VSD. All data are expressed as mean ± SD. Statistical comparisons between the 10 groups were done by one-way ANOVA or chi-square test, and post hoc tests were done by Scheffe's method. The development of AR ≥ slight with time, in patients whose original defect diameter ≥5 mm and who did not undergo surgical closure as they were asymptomatic, was analyzed in 103 patients in whom follow-up data were available, and comparisons among patient groups were performed using the log-rank test. A p-value less than 0.05 was considered statistically significant. All statistical analyses were performed using StatView 5.0 software (SAS Institute, Cary, NC, USA).
Results

Type of VSD, RCCP and AR
Prolapsed aortic cusp occurred in 77 of 116 patients (66%) with a muscular outlet VSD and in 136 of 200 patients (68%) with a subarterial VSD (p=0.77). The affected cusp was always the RCC, although 1 patient with a muscular outlet VSD had the additional involvement of the non-coronary cusp. In group V, 17 patients had the complication of moderate AR and all those with rupture of an aneurysm of the sinus of Valsalva already had this complication at the initial examination. Furthermore, all the patients with rupture of the aneurysm of the sinus of Valsalva and 16 of those with moderate AR were older than 20 years. Consequently, group V subarterial patients were significantly older than group I subarterial, group II, and group IV muscular outlet patients at the initial examination (p<0.01). Group V subarterial patients were also older than group II and IV muscular outlet patients when RCCP was first detected (p<0.01). The follow-up interval in each group was comparable ( Table 1) . Of 213 patients with the complication of RCCP, 102 (48%) had documented AR. Although moderate AR was detected in Groups III and IV (subarterial VSD) and Group V, progressive AR was confirmed in only 10 patients from groups III-V. All cases of detected AR were of the trivial or slight type and was not progressive in group II. Rupture of the aneurysm of the sinus of Valsalva was identified in groups IV and V only ( Table 1) . Original Diameter of the VSD The original diameter of the VSD was greater than 5 mm in 162 (93%) patients and of 13 patients with a diameter <5 mm, 11 (85%) developed RCCP and 1 patient in group III who had a muscular outlet VSD had trivial AR as a complication. The actual diameter in group I (subarterial VSD) was larger than in group II (muscular outlet VSD) and that of group V (subarterial) was greater than in group II (p<0.01, Table 2 ). Although a progressive increase of AR ≥ slight over time was evident, AR remained trivial until the 6th decade life in 10% of patients. There was no significant difference between muscular outlet and subarterial VSDs in the increase of AR ≥ slight over time (Fig 2) .
Surgery
Surgical closure was carried out in 111 patients. In group I, all patients underwent surgery because of either increased pulmonary blood flow (Qp/Qs >2.0) or pulmonary hypertension. Consequently, the age at surgery in group I subarterial was significantly younger than in group V subarterial. A significantly larger number of patients in group V underwent aortic valvuloplasty or valve replacement than in the other groups (p<0.01). A small number of patients in groups III and IV subarterial, however, underwent these procedures (Table 3) .
Although we lack detailed postoperative data, the operative outcome for AR is generally good in patients with AR ≤ slight. In 4 patients with trivial or slight AR, the regurgitation disappeared, although 8 patients with no AR preoperatively developed trivial AR postoperatively (Fig 3) .
Discussion
Several factors may determine the evolution of aortic cusp prolapse and AR in association with an outlet VSD. Earlier reports documented an association between subarterial VSD and AR following RCCP, and early surgery to prevent progressive AR is commonly recommended for this condition. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, as shown by the results of the present study, even for a muscular outlet VSD, there was no definite difference from a subarterial VSD in terms of the prognosis of AR, once RCCP had developed. Lun et al reported progressive occurrence of RCCP and AR in asymptomatic patients with a subarterial VSD greater than 5 mm, but they did not find any postoperative AR in patients who had not developed AR prior to surgery. 7 Although we could not clarify any difference between the present patients and theirs, we found trivial postoperative AR in patients who had been free of AR prior to surgery. Furthermore, in 85% of patients, with either a muscular outlet or subarterial VSD diameter <5 mm, RCCP developed and 1 patient with a muscular outlet VSD developed trivial AR in association with RCCP. All cases of trivial or slight AR detected in this study were clinically silent and could only be detected by Doppler echocardiography. Consequently we believe that early surgery undertaken to prevent future trivial AR may include a considerable number of unnecessary operations in regard to the prevention of late onset of AR. We agree that the original defect diameter may be one of the major risk factors that determines the evolution of RCCP, but it should not be the only factor that determines prognosis. As shown in both the previous studies 3, 7, 9, 13, 14 and the present study, the incidence of AR associated with RCCP increases with age, but in a small number of patients it remains trivial and silent for a long time, whereas moderate AR and rupture of the aneurysm of the sinus of Valsalva often require valve replacement. Consequently, analysis of parameters that are associated with such an outcome and can differentiate RCCP with a risk of developing AR from benign RCCP should assist with patient management. The severity of the RCCP may be one parameter that relates to moderate AR or rupture of the aneurysm of the sinus of Valsalva. The few reports that classified the morphology of RCCP, or graded its severity, demonstrated no significant relation between its development and progression of AR because did not analyze it in relation to the grade of AR. 3, 13, 14 We did not classify the morphology of RCCP, once distinct projection of any part of the RCC from the natural curve of the sinus Valsalva was confirmed, but instead measured the RCCD and R/L as parameters of its severity. The RCCD is an index that shows the deformed part of the RCC, and, as we reported previously, a large R/L, which is an index of RCC imbalance, may lead to poor coaptation and subsequent AR. 11 The combination of these 2 simple indices is clearly associated with the severity of AR; however, neither index alone completely predicted moderate AR and rupture of the aneurysm of the sinus of Valsalva. None of the patients with RCCD <0.30 and R/L <1.30 had either moderate AR or rupture of the aneurysm of the sinus of Valsalva. Furthermore, patients with RCCD ≥0.30 and R/L ≥1.30 were highly likely to have moderate AR or rupture of the aneurysm of the sinus of Valsalva. Patients with a muscular outlet VSD classified into the intermediate groups III and IV also did not have moderate AR; however, 3 of 4 cases of slight AR had obvious progression of the AR. There were 5 patients with moderate AR associated with a subarterial VSD in these groups. Considering that the evolution of AR associated with RCCP is similar for these 2 types of outlet VSD, the absence of moderate AR in patients with a muscular outlet VSD in groups III and IV may not indicate a favorable prognosis. Taking the satisfactory outcome of surgical treatment in patients with trivial or slight AR into account, surgical closure may not necessary for patients with an outlet VSD with RCCD <0.30 and R/L <1.30, as long as the AR remains trivial. However, to prevent moderate AR or rupture of the sinus of Valsava aneurysm, we recommend that an outlet VSD complicated with RCCP should be closed when the RCCD is ≥0.30 or R/L ≥1.30.
Study Limitations
Lack of data about the original defect diameter, and a limited follow-up interval clearly limit interpretation of this study. The retrospective and cross-sectional nature of this study is another drawback. In fact, 17 patients in group V already had moderate AR or rupture of the aneurysm of the sinus of Valsalva at the time of the initial examination and consequently, we could not analyze the natural course in these patients. We need to undertake prospective longitudinal studies to confirm the hypothesis that AR may not progress in a patient with an outlet VSD when RCCD is <0.30 and R/L is <1.30.
